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Abstract A virtually intact subtropical reef com-
munity (14 phyla, 40 families and 62 non-native taxa)
was associated with a rig under tow from Brazil that
became stranded on the remote island of Tristan da
Cunha. This exposes rigs as a significant vector
spreading alien marine organisms, and includes the
first records of free-swimming marine finfish popu-
lations becoming established after unintentional
movement. With relatively trivial effort, a pre-tow
clean would have obviated the need to salvage and
dispose of the rig (undertaken largely to address
concerns about invasive species), at a cost of
*US$20 million. Our findings show that towing
biofouled structures across biogeographic boundaries
present unexcelled opportunities for invasion to a
wide diversity of marine species. Better control and
management of this vector is required urgently.
Simultaneous, unintentional introductions of viable
populations of multiple marine organisms are rare
events, and we develop a basic framework for rapid
assessment of invasion risks.
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Introduction
Invasive species have devastating biodiversity and
economic impacts (Mack et al. 2000; Pimental 2002;
Thresher and Kuris 2004). The increase in volume and
speed of transoceanic travel from the 19th century to
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the present has seen a concurrent rise in the introduc-
tion of alien marine species (Carlton 1987; Cohen and
Carlton 1998; Everett 2000; Mack et al. 2000; Bax
et al. 2003). This increase in prevalence of invasions
of the near shore environment in recent years has
stimulated several global initiatives to address the
issues (Mooney 1999; Everett 2000; Bax et al. 2003;
de Costa Fernandes et al. 2003). The impacts of many
invasive species (marine and other) remain unknown,
and the predictability of their direct and indirect
effects remains uncertain (Hobbs 1989; Peterson and
Vieglais 2001; Hayes and Barry 2007; Wanless et al.
2007). Nonetheless, based upon the documented
extent of species invasions and the scope of their
effects, it is imperative that risk assessments are
undertaken where incidents pose an environmental
and economic risk through the possible introduction
of non-native species (Bax et al. 2001; Hayes 2002a,
b; Hutchings et al. 2002; Drake and Lodge 2006;
Herborg et al. 2007). These should assess the likeli-
hood of potential invasions and, where applicable,
examine ways of removing or reducing that risk to
acceptable levels (Bax et al. 2003).
The Tristan da Cunha archipelago comprises four
major islands: the main island of Tristan da Cunha,
hereafter ‘Tristan’, two satellite islands Nightingale
and Inaccessible ca 20 nm distant from it, and Gough
Island, some 350 nm to the SSE. These islands are
extremely remote ([1,500 nm from Africa, the
nearest continental landmass) and, being volcanic in
origin, are truly oceanic. Oceanic islands are charac-
terised by ‘disharmonic’ communities in which
vacant niches occur due to the low probabilities of
many taxa dispersing and colonising such remote,
oceanic locations (Sadler 1999). Island faunal and
floral communities are also characterised by high
levels of endemism, and the vulnerability of these
communities to invasive species is high, with terres-
trial extinctions on islands typically outnumbering
continental extinctions by an order of magnitude
(Diamond 1989; Pimm et al. 1993; Steadman 1995;
Purvis et al. 2000; Simberloff 2000; Simberloff 2001;
Simberloff 2003; Blackburn et al. 2004; Duncan and
Blackburn 2007). Marine environments around iso-
lated islands are typically also depauperate but high
in endemism, and this has been mooted as increasing
their vulnerability to biological invasions (Hutchings
et al. 2002). At Tristan, diving and shore surveys
have recorded very low diversity in many animal
groups, although the algae are quite speciose (Scott
and Andrew 2007). The impact of alien species is the
single biggest threat to the biota of the Tristan da
Cunha archipelago (Jones et al. 2002; BirdLife
International 2004; Wanless et al. 2007).
The Tristan economy is sustained principally by a
well-managed inshore fishery for the Tristan rock
lobster Jasus tristani (Angel and Cooper 2006). Sub-
sistence fishing is also a significant contributor to the
household economies of Tristan residents. If environ-
mental changes are wrought by, for example, the
establishment of marine invasive alien species that lead
to a decrease in the stock or sustainable yield of edible
finfish or lobsters, the Tristan economy would suffer
immediate and direct consequences (Bax et al. 2003).
On 5 March 2006, the tug Mighty Deliverer
departed from Macae, Brazil for Singapore, towing
the decommissioned, semi-submersible petrochemi-
cal production platform (hereafter referred to in the
generic ‘rig’) A Turtle (ex Petrobras XXI). The tug
encountered difficulties in the South Atlantic and
released the tow on 30 April. The rig was discovered
aground at Tristan by island inhabitants on 7 June
2006. It was lying on the south east coast of the island
at Trypot Bay (37 08.7880 S, 12 14.6510 W). An
initial inspection of the stranded rig showed it to be
heavily fouled with species alien to Tristan (Scott
2006). Here we report a comprehensive inventory of
the alien marine fauna associated with the rig, as well
as results of surveys of surrounding sub-tidal and
intertidal areas for possible spread of living alien
organisms away from the rig.
Due to the rarity of multiple, simultaneous marine
introductions, we developed a basic framework for
assessing rapidly the risk that each organism poses,
with preliminary results for certain species. Risks
posed by alien species include competition, predation
and invasion of vacant niches, any of which could
precipitate changes in community structure or com-
position, or ecosystem functioning. Another concern
(not assessed) is that alien species may harbour
parasites or pathogens against which the native fauna
have little or no immunity. Thus the arrival on Tristan
of the rig and its associated fauna poses potentially
significant threats to the Tristan environment. There is
a strong economic imperative to understanding the
nature and predicting the potential consequences of
any alien species becoming established in Tristan
waters, and we recommend monitoring the possible
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survival and colonisation of species from the rig and a
regular check of lobsters and fish from the stranding
site for parasites and pathogens. While fouling of rigs
is an acknowledged vector for marine invasive alien
species (Bax et al. 2003), this study represents the first
practical assessment of the magnitude of the potential
risks of rigs as vectors of marine invasive species, and
is a sobering lesson with much general applicability.
Methods
Marine alien species
Two underwater surveys of the rig were conducted,
from 21 September to 4 October 2006 (6 dives) and
from 24 December 2006 to 22 January 2007 (26
dives). Pairs of divers collected specimens by hand in
plastic bags, and used scrapers and hammers to
dislodge colonies of coral, barnacles, bivalves and
other large encrustations, which were later broken
open for examination of infauna.
The initial rig survey was qualitative, to establish
the current state of biota on the rig, in order to inform
subsequent actions. Divers concentrated on obtaining
collections of macroscopic species present for sub-
sequent identification, and a photographic record of
the biota on different parts of the rig. Poor diving
conditions prevented any attempt at quantitative
sampling during this survey.
During the second survey, coral chunks and other
fouling organisms were collected from ten plots, each
20920 cm, situated on the exterior of the rig. Plots
were taken at random from various positions on the
rig, ensuring that variation in water depth was also
accounted for. Fish were collected using the piscicide
rotenone and spearguns. Three 40 cm-long traps with
either 3 or 20 mm mesh size were deployed against
the sides of horizontal and vertical structures of the
rig. Traps were baited with the native five-finger fish
(Acantholatris monodactylus) and deployed over
3 days to collect small fish species and crustaceans.
During all dives we searched for alien species and
any new species were collected wherever possible.
Systematic searches were also performed on
natural reefs up to approximately 50 m away from
the rig. Any species that were thought to originate
from the rig were collected or photographed for later
identification. Additional control sites were surveyed
away from the immediate vicinity of the rig and
entailed visual searches by three divers for at least
10 min at approximate depths of 5, 10 and 20 m.
Searches were performed along transect lines laid
perpendicular to the bathymetric contours, and GPS
positions recorded for future monitoring. Transects
were in line with the rig, 500 and 1,000 m on either
side of the rig, totalling five transect lines and 15
sites. On 31 October and 23 November 2007 (after
the removal of the rig) we did an additional six
monitoring dives at the rig site and nearby.
Samples of Tristan rock lobster were collected
from the rig and from a remote site during the 2006/
07 survey. These samples, together with all the alien
species collected from the rig will be deposited in the
collection facility of the South African Institute for
Aquatic Biodiversity in Grahamstown, South Africa
for a minimum of 10 years, and will be made
available for future analysis as required.
Risk Assessment
This assessment is predicated on the assumption that
the native or alien status of a species can be reliably
determined. An invasive alien species is defined
(according to the Global Invasive Species Pro-
gramme) as one ‘‘that causes, or has the potential to
cause, harm to the environment, economies, or
human health’’ (GISP 2005). There are numerous
approaches for assessing the invasion risk that alien
marine species pose (e.g. Hayes 2002a, b; Lewis et al.
2006). For a review, see Hewitt and Hayes (2002).
We used a simplified fault-tree type risk analysis
(Fig. 1) (Hayes 2002b) and a four-level hierarchical
assessment of risk to the Tristan environment, based
on four stages of invasion, namely arrival (1),
persistence (2), spread (3) and becoming invasive
(4) (Hayes 2002b; Williamson 2006). The assessment
accounted for the fact that the substrate on which
many of the alien species depend/reside, i.e. the rig,
was removed. The hierarchy moves from low/zero
survival on the rig (negligible risk) to becoming an
invasive alien species (highest risk).
For invasion stage 1, species were either dead,
apparently moribund or had decreased in abundance
over time. Species at invasion stage 2 were surviving
on the rig but showed no sign of spreading off the rig or
of reproducing. For species assessed at invasion stages
Semi-submersible rigs 2575
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2–4, i.e. where risk was not negligible, we considered
the biology/ecology of the species for further risk
assessment. For example, because the rig was ulti-
mately removed species that are sessile or have very
low dispersal ability posed less risk than species that
are mobile and may move away from the rig.
Terrestrial alien species
We searched for signs of rodents, insects and other
potentially invasive alien species on the rig. The most
obvious location for any rodent signs was the kitchen
area, but dormitories were searched and a general
inspection of the entire rig was performed.
Results
Marine alien species
The initial survey found the submerged parts of the
rig to be heavily colonised by coral, barnacles and
bivalves, with other organisms living on and within
the hard biota (Table 1). Nearly all the colonies of the
main coral species Tubastraea coccinea were dead,
but their persistent hard calcareous skeletons pro-
vided a sheltered micro-habitat for numerous boring
bivalves, polychaete worms, small crabs, amphipods
and other crustaceans. Many of the large acorn
barnacles (Megabalanus tintinnabulum) were alive
and feeding, while dead barnacle shells were inhab-
ited by small crabs, other small invertebrates and the
variable blenny Parablennius pilicornis (Blenniidae).
Small sponges, hydroids and bryozoans frequently
colonised both inside and outside surfaces of barnacle
shells. The brown mussel Perna perna was present as
scattered live individuals in several location on the
rig, and, from evidence of numerous persisting byssus
threads, had previously formed a dense zone around
1–2 m deep on the upper parts of the rig legs.
Anemones Bunodosoma caissarum and Anemonia
melanaster, the whelk Thais haemastoma, several
species of urchin and a variety other animal species
were seen on this first survey. Several unidentified


























Spreading off rig 
Breeding and  
potentially invasive 
Fig. 1 Fault-tree risk analysis of alien marine species becoming invasive in the Tristan environment following the stranding of a
heavily bio-fouled semi-submersible rig in June 2006
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Table 1 The alien species collected on or around the rig







Two Species Further identification required Unknown 1
Cnidaria
Order Hydrozoa Tubularia sp. Unknown 1
Order Scleractinia: Hard Coral Tubastrea coccinea Alien 1
Further identification required Alien 1
Order Actinaria: Family Actiniidae 1
Large red anemone Bunodosoma caissarum Alien 1
Small anemone Anemonia melanaster Alien 2
Echinodermata
Family Amphiurudae (brittle star) Class Ophiuroidea Alien 1
Cushion star Asterina stellifera? Alien 1
Slate pencil urchin Eucidaris tribuloides Alien 1
Rock boring urchin Echinometra lacunter Alien 1
Black urchin Arbacia lixula Alien 1
Crustacea
Order Cirripedia: Barnacles
Family Balanidae Megabalanus tintinnabulum Alien 3
Family Balanidae Balanus sp. Alien 1
Family Tetraclitidae Tetraclita sp. Alien 1
Order Amphipoda
Family Colomastigidae Further identification required Probably alien 1
Family Corophiidae Aora spinicornis? Probably alien 1
Gammaropsis sp. Probably alien 1
Family Dexaminidae Further identification required Probably alien 1
Family Eusiridae Further identification required Probably alien 1
Sub-order Gammaridea Further identification required Probably alien 1
Family Ischyroceridae Jassa sp. Probably alien 1
Order Isopoda 1
Family Anthuridae Mesanthura sp. Probably alien 1
Family Sphaeromatidae Cymodocella sp. Probably alien 1





Alpheid shrimp Synalpheus sp. Alien 1
Cuban stone crab Menippe nodifrons Alien 1
Porcelain crab Pachycheles laevidactylus Alien 3
Family Majidae: Stenorhyncus seticornis Alien 1
Spider crab Further identification required Alien 1
Pycnogonida









Family Lineidae? Lineus sp. Probably alien 1
Sipunculid worms
Class Phascolosomatidea (Peanut worms) Phascolosoma sp. Probably alien 1
Platyhelminthes (flat worms)
Family Procerodidae? Procerodes sp. Probably alien 1
Annelida
Polychaete worms
Family Capitellidae (Lug Worms) Further identification required Probably alien 1
Family Eunicidae (Rock Worms) Eunice sp. Probably alien 1
Family Nephtyidae Nephtys sp. Probably alien 1
Further identification required Probably alien 1
Family Nereidae Nereis sp. Probably alien 1
Family Orbiniidae Further identification required Probably alien 1
Family Phyllodocidae Phyllodoce sp. Probably alien 1
Protomystides sp. Probably alien 1
Family Serpulidae (Plume Worms) Further identification required Probably alien 1
Family Syllidae Syllis sp. Probably alien 1
Bivalves
Family Anomiidae (Saddle Oysters) Further identification required Alien 1
Family Arcidae (Ark Shells) Barbatia sp. Alien 1
Family Chamidae (Jewel boxes) Further identification required Alien 1
Family Glycymerididae (Bittersweet Clams) Further identification required Alien 1
Family Mytilidae (Scissor date mussel) Lithophaga nasuta? Alien 1
Scissor date mussel Lithophaga/Myoforceps aristata Alien 1
Brown mussel Perna perna Alien 1
Family Ostreidae (Oysters) Crassostrea sp. Alien 1
Family Spondylidae (Thorny Oyster) Spondylus sp. Alien 1
Family Veneridae (Venus clam) Dosinia hepatica Alien 1
Venus clam Irus irus? Alien 1
Cephalopoda (octopus) Octopus vulgaris Probably native
Gastropoda (Snails) Further identification required
Gastropod - small Alien 1
Red-lipped whelk Thais (=Stramonita) haemastoma Alien 1
Bryozoa
Family Bicellariellidae? Bicellariella ciliata? Unknown 1
Tunicata
Large seasquirt Microcosmus exasperatus? Alien 1
Pisces (fish)
Silver porgy Diplodus argenteus argenteus Alien 4
Variable blenny Parablennius pilicornis Alien 4
? denotes uncertainty about the specific identity given
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specimens of red algae were also collected. Many of
the small crabs collected in samples in September/
October 2006 were carrying eggs. Barnacles were
observed mating and blennies were carrying eggs and
guarding nests in January/February 2007.
Prominent, easily seen (especially mobile) species
were removed from the rig during the first survey. Six
of the species found on the rig in September/October
2006 were not seen in the following December/
January, including four of five echinoderms and both
gastropods (Table 1). Additionally, numerous bivalve
shells appeared to have been preyed upon and we
observed one predation event involving the native
whelk Argobuccinium tristanensis attacking an alien
oyster Crassostrea sp.
A few native species had already begun to colonise
the rig by the time of the first survey, 3–4 months after
its stranding (Table 2). Numerous kelp Macrocystis
pyrifera and Laminaria pallida sporelings and the red
alga Schimmelmannia elegans were found on the
upper 2–4 m of the rig, while several small octopus
and rock lobster were collected. On the second survey
large octopus and a few large rock lobster were seen
on the lower legs around at around 13 m depth.
In all, 62 alien taxa were recorded on the rig
(Table 1). Identification difficulties meant that in
some instances, taxa were identified to family level
only. Thus the total number of unique taxa represents
a minimum estimate of the number of alien species
present. No alien species were found during moni-
toring dives in Trypot Bay in 2007.
Risk assessment
Several species (two finfish, several unidentified crabs
and a barnacle) were assessed to be at invasion stage
three (medium risk) or four (high risk of becoming
invasive). Mating events of the acorn barnacle and the
presence of berried (with eggs and/or larvae) crabs moot
the possibility that planktonic larvae will settle and
become established, and these are thus at stage three.
Two finfish species are, however, at stage four of
invasion. On the second survey, several individuals of
the variable blenny were observed to be in breeding
condition (eggs ripe and running) and one was found
guarding eggs that had been laid in an empty barnacle
shell on the rig. We also encountered five individuals
ca 50 m from the rig (three of these were collected).
It is thus possible that this species had moved off the
rig before it was removed in numbers sufficient to
establish a viable naturalised population.
The alien silver porgy Diplodus argenteus argen-
teus (Sparidae), estimated to exceed 60 in number,
remained closely associated with the rig structure
despite shoaling with local fish. Three porgy were
collected using spearguns, ranging in size between 8
and 32 cm, with the largest specimen a mature male.
We had hoped that the remaining fish would move with
the rig and not return to the inshore environment after
the rig sank. However, a single specimen was caught at
the Tristan settlement (at the opposite side of the island
to Trypot Bay) in May 2007, indicating the strong
possibility that some individuals have persisted in the
Tristan environment and there is also a high risk that
they too will become invasive on Tristan.
Terrestrial alien species
There was plenty of food in the kitchen, such as open
bags of rice, decomposing fruit, half-eaten plates of
food, etc. accessible to rodents, insects and other
hitchhiking species. Four dormitories contained open
packets of food (mostly biscuits and sweets) and
Table 2 List of marine species native to Tristan observed on
or around the rig
Group Species
Algae
Sea Lettuce Ulva lactuca













False Jacopever Sebastes capensis
Klipvis Bovichtus diacanthus




elsewhere decomposed remains of edible vegetables
were found. None of the food or containers (with and
without food inside) contained any rodent faeces and
none had signs of having been gnawed-at or eaten by
rodents or invertebrates. There were no signs of other
organisms present in the food. Several species of fly
(Diptera), some of which were still alive, and a dead
cockroach (Blattodea) were collected from inside a
refrigerator (Table 3).
Discussion
This decade has seen a dramatic rise in oil prices, which
in turn has driven an unprecedented rise in the rate of
semi-submersible rig transport (Morgan 2005; Meuller
2007). To the best of our knowledge, it is not common
practice to remove biofouling organisms before rigs
are towed (P. Holloway pers. comm. to RMW). Our
findings reveal how semi-submersible rigs that are
towed across marine biogeographic boundaries present
opportunities for the spread of alien species to an
astonishing array of organisms. Had the rig not become
stranded on Tristan, but instead reached its destination,
the port of Singapore, the probability is that many
species that survived the tow would have found the
warm-water conditions there very similar to the source
waters in Macae, Brazil (David et al. 2005), and we
speculate that the invasion risks would have been even
higher than at Tristan.
This is the first time that a major marine salvage
operation has been undertaken largely as a result of
concerns over invasive species. The liability insur-
ance cost for underwriting the salvage operation
amounted to ca US$20 million (P. Holloway, pers.
comm. to RMW). By comparison, the expected
monetary costs of removing encrusting organisms
from the rig prior to departure would have been
completely trivial. In addition, insurance liability has
not ended with the removal of the rig from the photic
zone around Tristan. If any species brought by the rig
become invasive and have a negative impact on the
Tristan economy, substantial additional claims are
likely.
Marine alien species
Initial examination of the rig revealed a high level of
colonisation and wide diversity of fouling marine life,
mostly alien to Tristan, with many animals still alive
and healthy, and some in breeding condition. This
gave rise to great concern over the risk of permanent
settlement of alien species, and the possible adverse
effects on local species, ecosystems and fisheries.
These concerns led to the decision to scuttle the entire
rig in very deep water, as the best action to limit the
possibility of alien marine species settling on Tristan.
However, these individuals had survived a Tristan
winter, with water temperatures as low as 13–14C;
temperatures in the source waters range from 13–27C
(David et al. 2005). Changes in temperature (both rise
and fall) are known to stimulate breeding in many
marine species, and spawning events are known to
have taken place before the rig was sunk. It is too early
to establish whether these will result in successful
establishment, and if so, whether there will be any
adverse effects. The reason for the disappearance of
some species can only be speculated upon, but is
likely a combination of factors, with rough seas, lower
water temperature and predation likely to play a role.
Allee effects occur when species occur at densities
too low to allow individuals to meet and reproduce
(Courchamp et al. 1999). They may survive individ-
ually, but reproduction occurs too infrequently to
Table 3 List of insects collected from the rig
Group Species Alien or native Comments
Diptera
Family Sciaridae (mosquito-like flies) Unknown Probably Alien Need to confirm previous presence on Tristan
Family Drosophilidae (fruit flies) Unknown Probably Alien Need to confirm previous presence on Tristan
Family Muscidae (house flies) Unknown Probably Alien Need to confirm previous presence on Tristan
Blattodea
Cockroach Blatta sp. Alien Probably dead on arrival. Likely to already be
present on Tristan
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permit the establishment of a viable population. It is
possible that this will prevent establishment of the
acorn barnacle, because although it was seen mating,
it is an internal fertilizer, and thus requires reasonable
densities for successful reproduction (Foster 1987).
However, the case for Allee effects should not be
overstated—most species have evolved effective
mechanisms for ensuring successful meeting of
potential mates/gametes (Drake and Lodge 2006).
Although monitoring may help to reveal the presence
of any recruits, highly motile larvae could become
established anywhere within the Tristan group, and
eradication or control are unlikely to be practical after
colonisation occurs.
The variable blenny probably stands the highest
risk of becoming invasive. According to FishBase, it
has an amphiatlantic distribution, subtropical to 35
S, and typically inhabits rocky coasts, often at steep
walls of surf-exposed sites, a habitat mimicked by
conditions on the rig legs (Froese and Pauly 2008).
Therefore many locations around the coast of Tristan
would seem to be suitable for this species. It also
reproduces quickly, with a minimum doubling time
of less than 15 months (Froese and Pauly 2008). The
natural range of this fish is the West Atlantic from
Florida to Argentina (35 S), so it may be near the
limits of its tolerance on Tristan (Springer 1986).
Silver porgy occurs in clean turbulent waters along
open rocky coasts (an abundant habitat on Tristan),
usually in surf areas, and juveniles are frequently
caught in seashore pools between rocks and in sandy
areas (Ferreira et al. 2004; Rangel et al. 2007). They
have a minimum doubling time 1.4–4.4 years, and
become sexually mature at ca 20 cm (David et al.
2005; Froese and Pauly 2008), so most individuals
around the rig were already mature. They are digy-
nous protandrous hermaphrodites (start off male then
become female) and females are multiple spawners. In
Cabo Frio, which is close to Macae, reproductive
activity occurs from late winter to summer, following
coastal upwelling (David et al. 2005). This species is
considered an important driver of community struc-
ture in Brazil (Ferreira et al. 2004) and is thus of great
concern for the Tristan marine environment.
At present there is no demonstrable risk to the
Tristan rock lobster fishery. Also, there are no
measurable impacts from potentially invasive species
on any other aspects of the marine environment.
However, it is early days yet, and we have identified
at least three species that are advancing towards
becoming fully established, and thus potentially
invasive, in the waters around Tristan. Thus negative
impacts could still accrue. Furthermore, parasites and
diseases may also become apparent, and Tristan’s
marine biosecurity will remain at potential risk for an
unknown period.
We are encouraged by our failure to find any alien
species near the site of the stranded rig 9 months after
the rig was removed; however, our search was by no
means exhaustive, and newly-settled invertebrates
would still be small and/or localised. Ongoing
monitoring of an invaded site is essential, until
further signs of establishment or invasion are unlikely
to be detected (Bax et al. 2001). However, the
timeframe for monitoring will vary according to the
lifecycle of the species of concern. We propose a
detectability threshold be assessed for all species in
risk categories 2–4, which will determine how long it
is likely to take for a viable population of alien
organisms to become detectable. Using expert knowl-
edge, the colony or population size for probable
detection in a general survey should be estimated.
Population growth rates or, if these data are lacking,
developing a deographic model for each species to
estimate likely growth rate, will allow one to
calculate the probable intersection time between
population growth and detectability. We suggest that
conservatively the monitoring period should continue
for 25–50% longer than that time. Monitoring of
established alien species (risk category 4) should
continue for as long as that species is present. Part of
the monitoring process in the longer-term should
involve the collection, for further analysis, of organ-
isms such as the Tristan rock lobster, should signs of
parasitic or other infestation/infection become appar-
ent at any time in the future. This would allow
comparison with specimens collected during the
2006/07 survey, and possibly indicate if any link
between the rig stranding and the disease exists.
Terrestrial alien species
There appeared to be no rodents living aboard the rig
before departure, and none came aboard during the
towing. Similarly, no rodents from the island had
access to the rig. The tow-preparations could have
facilitated establishment of the highly mobile,
human-commensal insect species we recorded on
Semi-submersible rigs 2581
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the rig. However, the time that elapsed between the
commencement of towing (at which point the rig
would have been deserted by people) and its arrival
on Tristan appears to have been too long without
fresh food, and the evidence suggests that the
majority of insects that may have been alive at
departure were dead by December 2006, and possibly
before arrival on Tristan. From a terrestrial biosecu-
rity perspective, the stranded rig did not appear to
have introduced any alien species to the Tristan
environment.
Conclusion
It is recommended that as a basic precaution to
prevent (or minimise) the spread of invasive alien
species associated with the movement of rigs
encrusting/biofouling organisms should be physically
removed or otherwise killed (e.g. by prolonged
immersion in freshwater or exposure to air) immedi-
ately prior to towing. Aside from biodiversity con-
cerns, such an action has potentially significant
economic advantages. Fouling drag can add 20–
30% to the time for a tow to be completed (Townsin
2003), amounting to significant labour and fuel costs,
which should more than offset the costs of cleaning.
This should be made standard practice for all pre-
towing contracts and, given the extreme expenses
demonstrated by this study, we expect that the
maritime insurance industry should become proactive
in regulating this.
Acknowledgments The Captains and crew of the fishing
vessels M.V. Kelso and the M.V. Edinburgh, staff from
Ovenstones Agencies and the Salvage Master and members of
the Titan salvage crew all provided invaluable support. The
Tristan Administrator at the time, Mike Hentley, members of
the Island Council and residents of Tristan are thanked for their
assistance and hospitality. Peter Holloway worked closely with
the second survey team to ensure the success of work above-
and below-water. The following assisted with identification:
Rob Anderson (algae), Wouter Holleman and Phil Heemstra
(fish), Peter Wirtz (invertebrates and fish) and Ashley Kirk-
Spriggs (insects).
References
Angel A, Cooper J (2006) A review of the impacts of intro-
duced rodents on the islands of Tristan da Cunha and
Gough. Royal Society for the Protection of Birds, Sandy
Bax N, Carlton JT, Mathews-Amos A, Haedrich RL, Howarth
FG, Purcell JE et al (2001) The control of biological
invasions in the world’s oceans. Conserv Biol 15:1234–
1246. doi:10.1046/j.1523-1739.2001.99487.x
Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W
(2003) Marine invasive alien species: a threat to global
biodiversity. Mar Policy 27:313–323. doi:10.1016/S0308-
597X(03)00041-1
BirdLife-International (2004) Threatened birds of the world
2004 (CD-ROM). BirdLife International, Cambridge
Blackburn TM, Cassey P, Duncan RP, Evans KL, Gaston KJ
(2004) Avian extinction and mammalian introductions on
oceanic islands. Science 305:1955–1958. doi:10.1126/
science.1101617
Carlton TJ (1987) Patterns of transoceanic marine biological
invasions in the Pacific Ocean. Bull Mar Sci 41:452–465
Cohen AN, Carlton TJ (1998) Accelerated invasion rate in a
highly invaded estuary. Science 279:555–558. doi:10.1126/
science.279.5350.555
Courchamp F, Clutton-Brock T, Grenfell B (1999) Inverse
density dependence and the Allee effect. Trends Ecol Evol
14:405. doi:10.1016/S0169-5347(99)01683-3
David GS, Coutinho R, Quagio-Grassioto I, Verani JR (2005)
The reproductive biology of Diplodus argenteus (Spari-
dae) in the coastal upwelling system of Cabo Frio, Rio de
Janeiro, Brazil. Afr J Mar Sci 27:439–447
de Costa Fernandes F, Raaymakers S, Calixto RJ (2003)
Invading mussels threaten Amazon: Globallast–Brazil
take action. Aliens Auckl 17:22–23
Diamond J (1989) The present, past and future of human-
caused extinctions. Philos Trans R Soc Lond B Biol Sci
325:469–476
Drake J, Lodge D (2006) Allee effects, propagule pressure and
the probability of establishment: risk analysis for biolog-
ical invasions. Biol Invasions 8:365–375. doi:10.1007/
s10530-004-8122-6
Duncan RP, Blackburn TM (2007) Causes of extinction in island
birds. Anim Conserv 10:149–150. doi:10.1111/j.1469-
1795.2007.00110.x
Everett RA (2000) Patterns and pathways of biological inva-
sions. Trends Ecol Evol 15:177–178. doi:10.1016/S0169-
5347(00)01835-8
Ferreira CEL, Floeter SR, Gasparini JL, Ferreira BP, Joyeux JC
(2004) Trophic structure patterns of Brazilian reef fishes:
a latitudinal comparison. J Biogeogr 31:1093–1106. doi:
10.1111/j.1365-2699.2004.01044.x
Foster BA (1987) Barnacle ecology and adaptation. In:
Southward AJ (ed) Barnacle biology. A.A. Balkema,
Rotterdam, pp 113–134
Froese R, Pauly D (2008) FishBase, World Wide Web elec-
tronic publication. In: www.fishbase.org
GISP (2005) Training course for Invasive Alien Species.
Global Invasive Species Programme (GISP), Cape Town
Hayes KR (2002a) Identifying hazards in complex ecological
systems. Part 1: fault-tree analysis for biological inva-
sions. Biol Invasions 4:235–245. doi:10.1023/A:1020979
914453
Hayes KR (2002b) Identifying hazards in complex ecological
systems. Part 2: infection modes and effects analysis for
biological invasions. Biol Invasions 4:251–261. doi:
10.1023/A:1020943231291
2582 R. M. Wanless et al.
123
Hayes K, Barry S (2007) Are there any consistent predictors of
invasion success? Biol Invasions 10:483–506. doi:10.1007/
s10530-007-9146-5
Herborg L-M, Jerde CL, Lodge DM, Ruiz GM, MacIsaac HJ
(2007) Predicting invasion risk using measures of intro-
duction effort and environmental niche models. Ecol Appl
17:663–674. doi:10.1890/06-0239
Hewitt CL, Hayes KR (2002) Risk assessment of marine bio-
logical invasions. In: Leppakoski E, Gollasch S, Olenin S
(eds) Invasive aquatic species of Europe: distribution
impacts and management. Kluwer, Dordrecht, pp 456–466
Hobbs RJ (1989) The nature and effects of disturbance relative
to invasions. In: Drake JA, Mooney HA, di Castri F,
Groves RH, Rejmanek FJ, Williamson M (eds) Biological
invasions: a global perspective. Wiley, Chichester, pp
389–405
Hutchings PA, Hilliard RW, Coles SL (2002) Species intro-
ductions and potential for marine pest invasions into
tropical marine communities, with special reference to the
Indo-Pacific. Pac Sci 56:223–233. doi:10.1353/psc.2002.
0017
Jones AG, Chown SL, Gaston KJ (2002) Terrestrial inverte-
brates of Gough Island: an assemblage under threat. Afr
Entomol 10:83–91
Lewis P, Bergstrom D, Whinam J (2006) Barging in: a tem-
perate marine community travels to the subantarctic. Biol
Invasions 8:787–795. doi:10.1007/s10530-005-3837-6
Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M,
Bazzaz FA (2000) Biotic invasions: causes, epidemiology,
global consequences, and control. Ecol Appl 10:689–710.
doi:10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;
2
Meuller J (2007) Jackups and semis still rule. Asian Oil and
Gas August (unpaginated)
Mooney HA (1999) The Global Invasive Species Program
(GISP). Biol Invasions 1:97–98. doi:10.1023/A:101002
3129637
Morgan D (2005) Resurgent rig market revives transport hopes.
Asian Oil and Gas September (unpaginated)
Peterson AT, Vieglais DA (2001) Predicting species invasions
using ecological niche modeling: new approaches from
bioinformatics attack a pressing problem. Bioscience
51:363–371. doi:10.1641/0006-3568(2001)051[0363:PSI
UEN]2.0.CO;2
Pimental D (2002) Biological invasions: economic and envi-
ronmental costs of alien plant, animal and microbe spe-
cies. CRC Press, Boca Raton
Pimm SL, Diamond JM, Reed TM, Russel JG, Verner J (1993)
Times to extinction for small populations of large birds.
Proc Natl Acad Sci USA 90:10871–10875. doi:10.1073/
pnas.90.22.10871
Purvis A, Gittleman JL, Colishaw G, Mace G (2000) Predicting
extinction risk in declining species. Proc R Soc Lond
267:1947–1952. doi:10.1098/rspb.2000.1234
Rangel CA, Chaves LCT, Monteiro-Neto C (2007) Baseline
assessment of the reef fish assemblage from Cagarras
Archipelago, Rio de Janeiro, southeastern Brazil. Braz J
Oceanogr 55:7–17. doi:10.1590/S1679-875920070001
00002
Sadler JP (1999) Biodiversity on oceanic islands: a palaeo-
ecological assessment. J Biogeogr 26:75–87. doi:
10.1046/j.1365-2699.1999.00285.x
Scott S (2006) Stranded production platform Petrobas XXI
[sic], Tristan da Cunha. Marine biological survey, October
2006. In: Unpublished report to the Administrator, Tristan
da Cunha, p 15
Scott S, Andrew TG (2007) Marine life. In: Ryan PG (ed) Field
guide to the animals and plants of Tristan da Cunha and
Gough Island. Pisces Publications, Newbury, pp 121–146
Simberloff D (2000) Extinction-proneness of island species—
causes and management implications. Raffles Bull Zool
48:1–9
Simberloff D (2001) Eradication of island invasives: practical
actions and results achieved. Trends Ecol Evol 16:273–
274. doi:10.1016/S0169-5347(01)02154-1
Simberloff D (2003) How much information on population
biology is needed to manage introduced species? Conserv
Biol 17:83–92. doi:10.1046/j.1523-1739.2003.02028.x
Springer VG (1986) Blenniidae. In: Smith MM, Heemstra PC
(eds) Smith’s sea fishes. Springer, Berlin, pp 742–755
Steadman DW (1995) Prehistoric extinctions of Pacific island
birds: biodiversity meets zooarchaeology. Science 267:
1123–1131. doi:10.1126/science.267.5201.1123
Thresher RE, Kuris AM (2004) Options for managing invasive
marine species. Biol Invasions 6:295–300. doi:10.1023/
B:BINV.0000034598.28718.2e
Townsin RL (2003) The ship hull fouling penalty. Biofouling
19:9–15. doi:10.1080/0892701031000088535
Wanless RM, Angel A, Cuthbert RJ, Hilton GM, Ryan PG (2007)
Can predation by invasive mice drive seabird extinctions?
Biol Lett 3:241–244. doi:10.1098/rsbl.2007.0120
Williamson M (2006) Explaining and predicting the success of
invading species at different stages of invasion. Biol
Invasions 8:1561–1568. doi:10.1007/s10530-005-5849-7
Semi-submersible rigs 2583
123
